Insulinoma is the most common functioning pancreatic neuroendocrine tumor with the development of the organic hyperinsulinism and the severe hypoglycemia. Insulinoma can be treated radically only by surgical removal. In cases when the surgery may cause severe complications with the high risk of mortality, the physical non-surgical methods can be used. The world literature review using PubMed, MedScape, and Cochrane databases was performed. Keywords Binsulinoma^+ Bphysical methods^were used including every type of the method. One hundred fifty-two articles in English devoted to different physical methods of treatment of neuroendocrine tumors were found. Twenty-seven papers with the description of the minimally invasive treatment of insulinomas were found among them. There were data about the different methods revealed such as radiofrequency ablation, microwave ablation, cryodestruction, laser ablation, irreversible electroporation, photodynamic therapy, high-intensity focused ultrasound, Cyberknife, and tumor alcoholization. Literature search showed that there are a few papers about the description of the self-experience of each method, but there are no papers with the full compartment of advantages and disadvantages of each method of treatment. Each method was used because of its availability in the hospital or department. Contemporary statement of the physical mini-invasive method of insulinomas treatment requires investigations with the full randomized trials. These researches can identify the points to use one or another physical method and to choose the most right way to treat patients with hormonal-producing pancreatic neuroendocrine tumors.
Introduction
Insulinoma is a hormone-secreting tumor of the pancreas that is characterized by a borderline malignant potential. Frequency of occurrence is 1-2 per 1,000,000 people per year [1] [2] [3] . Hypoglycemic syndrome is a severe complication of insulinoma. It can even lead to hypoglycemic coma. Insulinoma, unlike ductal adenocarcinoma, has no expensive periphery growth potential and does not cause pancreatic hypertension nor atrophy of the pancreatic parenchyma. Thereby, there is a high risk of postoperative complications such as severe pancreatitis, external pancreatic fistula, and This article is part of the Topical Collection on Surgery erosive bleeding. [4, 5] . The development of minimally invasive treatment is an alternative to resection methods.
Radiofrequency ablation, cryodestruction, ultrasonic, microwave and laser ablation, photodynamic therapy, irreversible electroporation, Cyberknife, and ethanol destruction are used in the treatment of pancreatic tumors.
Materials and Methods
While looking through the literature at the beginning of 2017, 152 articles devoted to different physical methods of treatment of neuroendocrine tumors were found. Twenty-seven methods of minimally invasive treatment of insulinomas were found among them .
Results
The data analyses showed that until now, there has been no study presenting all the advantages and disadvantages of minimally invasive physical methods of insulinoma treatment. Data on basic techniques of minimally invasive nonresectional methods are given below.
Radiofrequency Ablation The first heating of the biological substance was carried out by the French physicist A. d'Arsonval in 1891 [6] . He showed that a flow of waves with a frequency of over 10 kHz heats tissues without pain or muscle contractions. His experiments became the basis for electrosurgery. At the beginning of the twentieth century, radiofrequency coagulation for the treatment of tumors of different localizations started to spread.
The first application of radiofrequency ablation under endoscopic ultrasonic control was described by S. Nahum Goldberg in 1999 in an experiment upon animals [7] . There were many adverse events and a high mortality rate in this experiment (30 and 54%). Ultimately, the length of the active electrode was adapted to the size of the expected pancreatic lesion.
In 2014, S. Fegrachi published meta-analyses on the usage of radiofrequency ablation in the treatment of pancreatic tumors [8] . In this publication, five research projects are described. One hundred fifty-eight patients with locally advanced cancers of the pancreas are represented (Table. 1 ). All patients underwent radiofrequency ablation. The median survival rate in patients with the third stage of locally advanced pancreatic cancer was between 20 and 33 months. This data correlates positively with the results of radical surgical treatment followed by adjuvant chemotherapy. [8] . In the study by V. Singh in 2011, life expectancy ranged between 9 and 36 months [9] .
In most cases, more than one RFA procedure was needed, firstly, because the volume of the coagulum was too small and could not include the whole lesion, and secondly, because of tumor tissue resistance. Complications associated with RFA ranged between 10 and 37%. The main types of complications reported included pancreatic fistula, gastrointestinal bleeding, portal vein thrombosis, and acute pancreatitis. The mortality rate was about 19%.
Common complications were in the range from 10 to 40%. The types varied widely and included pneumonia, peritoneal abscess, acute renal failure, ascites, hepatic failure, diphtheria colitis, hemoperitoneum, fluid congestions in the abdomen, gastric ulcers, and cholelithiasis.
Many of the complications arose as a result of the duodenum, biliary tree, or peri-pancreatic vasculature. Many authors report that RFA causes inadvertent damage to structures adjacent to the zone of ablation, such as the normal pancreas, that increases the risk of acute pancreatitis and pancreatic fistulas.
In the reviewed studies, the main safety factors in preventing complications are described. The allowable limit of heating of the coagulation antenna should not exceed 90°С, the distance between the antenna's Btip^and the vessels should be more than 5 mm, and the distance between the Btipâ nd the duodenum should be more than 10 mm.
The first open RFA on pancreatic insulinoma was described by D.A. Litvak in 2003 [10] . In 2009, S. Limmer was the first to carry out a transcutaneous RFA on an insulinoma that was located on the front surface of the pancreatic tail in an 80-year-old patient with severe comorbidities. Within 7 months of the procedure, no hypoglycemia was registered [11] .
Microwave Ablation The largest experiment with microwave ablation on pancreatic cancer was presented in 2007 by N. J. Lygidakis [12] ( Table 2) . MVA was carried out in 15 cases of 15 patients with locally advanced pancreatic tumors which were found to be unresectable. The mean diameter was 6 cm (4; 8); patients with distant metastasis were not included in the study. In six patients (40%), postoperative pancreatitis type A according to ISGPF was seen. Median survival was 22 months. Carrafiello G. described 10 cases of pancreatic head cancer treated with MWA [13] . Five underwent transcutaneous microwave ablation, five laparotomy access. The median diameter of the tumors was 32 mm (20-43 mm). There were no significant differences found between the groups. Median survival was 9.2 months (3; 16). Postoperative complications were observed in two patients (20%), according to ClavienDindo I degree in one, III-two (postnecrotic cyst was drained by puncture, and pseudoaneurysm of the gastroduodenal artery was treated through endovascular access).
In 2015, O.T. Chen (USA) presented the first successful results of transcutaneous MWA in the treatment of pancreatic insulinoma in a 60-year-old with unresectable lung cancer. The patient was discharged within 48 h without complications. There was no relapse of hypoglycemia registered within 3 months of observation [14] .
In Russia, transcutaneous MWA for pancreatic insulinomas were carried out and described by A. Chernousov in 2015. An 81-year-old patient entered the clinic with signs of organic hyperinsulinism and severe comorbidities. A neuroendocrine tumor was found in the pancreatic head and was 21 × 10 mm in size. The pancreatic duct was 5 mm from the lesion. The postoperative period was without complications, and on the 7th day, the patient was discharged. An endarterectomy was carried out after 3 weeks for vital indications. In the postoperative period, the patient died of acute myocardial infarction. There was no hypoglycemia registered during the observation period. [15] .
Cryodestruction In 1970, Richard S. Myer described the cryodestruction technique in experimental treatment on animals' pancreases. [16] . For 20 years, this method was used as a treatment of pancreatic carcinomas in men [17] . In a review in 2012, Zhen Tao studied the safety and efficacy of cryosurgery in local advanced pancreatic tumors [18] . In his article, he analyzed five studies that included the necessary criteria to evaluate the method (Table 3) . Acute pancreatitis followed by delayed gastric empty was the most frequent postoperative complication. The system's immune reaction caused by the focal thermal ablation is described by the authors, but the mechanism of pancreatitis has still not been well examined.
In 2016, Mirko D'Onofrio and coauthors completed their review on cryodestruction in the treatment of pancreatic tumors [19] with the J. Li study [20] . Two insulin-producing tumors in genetically proven familial multiple endocrine neoplasia type 1 were treated with percutaneous cryodestruction.
Laser Ablation Nowadays, lasers are used to treat primary and secondary hepatic lesions. Opportunities for its use in pancreatology are being studied in experiments on animals. [21] . The first use of laser ablation in vivo was described by F. Di Matteo in 2014. [22] . A laser ablation of 9 mm nonfunctional neuroendocrine tumor of pancreas isthmus under endoscopic ultrasound guidance was performed on a 46-year-old woman. In the anamnesis was a distal pancreatic resection due to the NET of the pancreas tail, and she refused a total pancreatectomy. No complications occurred after the procedure. The 12-month follow-up CT scan showed a reduction of the ablated area from 18 to 9 mm.
Irreversible electroporation ablation One of the newest methods of tumor ablation. This method is based on the electromagnetic field created by an alternating current. The electromagnetic field damages the cell membrane and causes necrosis of the cell. Four studies have been published to date (Table 4) [23] [24] [25] . The only case of percutaneous electroporation was presented in an article in 2012 [24] . Fourteen patients with unresectable adenocarcinomas of the pancreas were described in this study. Radical surgical procedures were carried out after several procedures of IRE. Post-procedural follow-ups were held between 11 and 14 months. In the early postoperative period, there were no deaths, but after 2, 4, and 5 months, three patients died from the progress of the main disease with initial distant metastases.
Two duodenal fistulas, a pancreatic fistula, a bile fistula, and a thrombosis of the portal vena are the complications associated with IRE, which occurred in 3% of cases.
R. Martin reported that the standard treatment of unresectable adenocarcinomas accompanied with IRE may extend the period of survival by 9 months (from 11 to 20.2 months) [24, 25] . Photodynamic Therapy In 2002, A. Bown first described photodynamic therapy for cancer of the pancreas. [26] . Sixteen patients with inoperable adenocarcinomas of the pancreas were studied. All had obstructive jaundice, which was relieved by biliary stenting prior to further treatment. The median survival time after photodynamic therapy was 9.5 months. Seven of the 16 patients (44%) died 1 year after photodynamic therapy (Table 5 ). In the early postoperative period, two (12.5%) patients had gastrointestinal bleeding due to the involvement of the gastroduodenal artery. This was controlled without surgery.
Patients were kept in a darkened room for at least 1 week after the treatment to avoid photosensitivity reactions. This was the main flaw of this procedure.
High-Intensity Focused Ultrasound (HIFU) Many studies and series of usages of HIFU are performed nowadays. (Table 6 ). This treatment leads to full tumor necrosis and a small percentage of specific complications [27] [28] [29] [30] [31] [32] [33] [34] .
In 2013, К. Wang and coauthors presented a large study that described a retrospective analysis of HIFU in 224 patients with advanced pancreatic carcinoma [27] . The mean age was 60 years old (28-85 years old). In 86 patients, the 3rd stage was present (38%), and in 138, the 4th stage (62%). The tumor was located in the pancreatic head in 47 cases (21%), and in the body and tail, in 177 cases (79%). Ultimately, the length of the active electrode was adapted to the size of the lesion. The procedure was carried out with the JC system that is based on high-intensity focused ultrasound waves which cause hypothermia and coagulation necrosis. The procedure was carried out under real-time ultrasound imaging. There were no severe complications such as hollow organ perforation or bleeding. These results demonstrate the safety of the application of HIFU.
The largest Russian HIFU experience for pancreatic carcinoma was presented by P. Vetshev [35] . Eighteen HIFU were carried out between 2009 and 2014 upon 16 patients. The mean tumor size was 3.5 ± 1.5 cm. Tumors were found in the head of the pancreas in eight (50%), in the body in seven (44%), and in the tail of one (6%). After HIFU, in all cases, decreased tumor sizes were observed, though in one case it fully disappeared. In five cases, idiopathic hyperthermia occurred, and in one, 3rd stage burning; in two, reactive pancreatitis and in one, duodenum perforation was the main complications. There was no mortality in the early postoperative period. Seven patients died within 3 months and 2 years because of the generalization of the illness. The median survival after HIFU in patients with unresectable tumor of the pancreas was 18 months. HIFU has some restrictions despite the positive results. Most restrictions are due to the absence of the acoustic window (constitutional features of the patient, scars of the anterior abdominal wall, colostomy, soldered loops, or previous operation). Destructions cannot be done in cases of tumor invasion into the stomach and/or duodenum wall. The other restriction is mechanical jaundice aggravating the clinical symptoms and leading to minimally invasive procedures that prologues the preparation period before the HIFU (percutaneous external and external internal biliary excretion, extrahepatic ducts stenting).
Cyberknife A method of treatment used on a well-defined fixed target. It requires the patient to be fixed in a tight and quite painful position. Cyberknife can follow changes in body position and correct the irradiation direction immediately and automatically. Albert C. Kong was the first to use Cyberknife for pancreatic cancer treatment in the first phase. In the postoperative period, pain syndrome and increased body mass were observed in 100% of cases [36] . D. Schellenberg has continued the II phase [37] ( Table 7) . The results of the studies of stereotaxis radiosurgery for the treatment of patients with local and locally advanced carcinomas show that median survival is within the range from 5.7 to 35.8 months. The choice of the patients to undergo the Cyberknife depended on different types of chemotherapy at various stages of the disease. The median survival increases when combined stereotactic surgery and specific chemotherapy are being used.
Cristiano Huscher, in 2012, was the first to describe the usage of the Cyberknife in organic hyperinsulinism due to a pancreatic tumor in a 44-year-old patient in 2008. There have been no signs of hypoglycemia observed up to the present time [38] .
Alcoholization Alcoholization with ethanol is not a physical but a chemical technique in the treatment of tumors. Nevertheless, we have included this method in our review as one of the non-resectional technologies.
C. Jurgensen, in 2006, reported on a successful treatment of pancreatic insulinoma with a 95% ethanol injection under US Idiopathic hyperthermia 5 (31%), III stage burn 1 (6%), reactive pancreatitis 2 (12%), and perforation of the duodenum 1 (6%) [39] . In 2013, three insulinomas located in the pancreatic head, body, and tail were treated with one-time alcoholization under US control by M. J. Lee. The patient was 26 years old and had MEN I. There is an increased interest in using ethanol in NET for pancreas treatment (Table 8 ). It is reported as being successful in 100% cases [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] . Postoperative pancreatitis occurred in 7 of 45 patients. A severe postoperative pancreatitis that was followed by a laparoscopic necrotomy is described in one patient. Hematoma of omentum bag and pancreatic duct stricture was registered in two cases as late complications. Ethanol destruction carried out under US control is a safe and effective method in the treatment of insulinomas though the long-term results are still not rated. There are no data on ethanol ablation found in Russia.
Discussion
This review has shown a vast interest in minimally invasive physical and chemical methods in the treatment of pancreatic tumors. At the same time, there is no protocol for their use despite the wide range of procedures. Thus, the only indication for the minimally invasive treatment of the NEP is the equipment in the clinic. It is of great importance to work out the guidelines for using minimally invasive physical and chemical destruction of NEP (insulinomas) of the pancreas based on their localization, the size and character of the lesion, the distance from the pancreatic duct, the consistency of the pancreas, and so on. Therefore, studies on this theme should be continued. 
